The acute hemodynamic effect of cyclosporine in man is controversial. A randomized, double blind, placebo-controlled, cross-over study was undertaken to evaluate the effect of a single oral dose of cyclosporine (20 mg/kg body weight) on mean blood pressure (MBP), heart rate (HR), forearm blood flow (FBF), and vascular resistance (FVR) in 16 healthy adult subjects. Subjects were studied twice, with an intervening period of 2 weeks, before and after the administration of either cyclosporine or the vehicle olive oil. Blood pressure was measured on brachial and digital arteries. After 30 min of rest, basal measurements were obtained and individuals were randomly assigned to receive either cyclosporine or the vehicle, and the same measurements were repeated 2 h later. Mean whole blood levels of cyclosporine were 1542 ؎ ؎ 387 ng/mL (range 1000 to 2550) 2 h after the administration of a single oral dose of cyclosporine. Cyclosporine did not cause any significant change in the hemodynamic parameters when compared with vehicle. Pre-and post-cyclosporine data were as follows (means ؎ ؎ SD): MBP (determined by Finapres on the digital artery), 92 ؎ ؎ 10 v 95 ؎ ؎ 11 mm Hg; HR, 66 ؎ ؎ 10 v 68 ؎ ؎ 11 beats/min; FBF, 3.9 ؎ ؎ 1.3 v 3.8 ؎ ؎ 1.8 mL/ 100 mL/min; and FVR, 28 ؎ ؎ 9 v 33 ؎ ؎ 18 units, respectively. For the vehicle the results were: MBP, 94 ؎ ؎ 9 v 94 ؎ ؎ 9; HR, 67 ؎ ؎ 9 v 67 ؎ ؎ 11; FBF, 3.3 ؎ ؎ 1.6 v 3.2 ؎ ؎ 2.0; FVR, 35 ؎ ؎ 14 v 37 ؎ ؎ 15, respectively. These figures did not differ from those obtained with the auscultatory method applied to the brachial artery among 10 selected subjects studied with Finapres. In conclusion, we found no evidence that at supratherapeutic doses cyclosporine causes acute increase in blood pressure or peripheral vasoconstriction in humans.
C yclosporine, an immunosuppressive drug widely used in organ transplantation, increases arterial blood pressure in humans and in various animal species. In humans, hypertension is a common complication of chronic cyclosporine administration and is believed to be caused mainly by sodium and water retention due to reduction of renal plasma flow and glomerular filtration rate. 1, 2 There are few investigations on the acute hemodynamic effect of cyclosporine in man. Sturrock et al 3 studied the effect of acute administration of cyclosporine on arterial blood pressure in normal vol-unteers. They found that blood pressure was increased independently of changes in renal function or in sodium excretion, suggesting that the systemic hemodynamic and the renal effects of cyclosporine are initially dissociated. More recently, Hansen et al 4 also documented a significant elevation of mean blood pressure in humans receiving a single oral dose of a different cyclosporine formulation (Samdimum Neoral, Sandoz, Basel, Switzerland). Other authors, however, found no significant changes in blood pressure after oral administration 5, 6 or during intravenous infusion 7 of cyclosporine. A better definition of the initial hemodynamic change induced by cyclosporine is important because it may be the primary cause of other complex alterations observed with chronic use of the drug. To perform a more comprehensive analysis of the acute hemodynamic actions of cyclosporine in man, we conducted a double blind, placebo-controlled, randomized, cross-over study that included determinations of arterial blood pressure, forearm blood flow, and vascular resistance by plethysmography, before and after a single oral dose of cyclosporine. As the discordant results in the literature could be caused by differences in methods applied to measure arterial blood pressure, we simultaneously determined this parameter on the brachial and digital arteries using noninvasive methodologies.
METHODS

Subjects
The study group consisted of 16 healthy volunteers (10 men and 6 women) ranging in age from 21 to 61 years (mean 37.6 Ϯ 12.4). There were 14 whites, one black, and one Oriental. The subjects were not taking medications and were ingesting unrestricted diets. Medical history, physical examination, and routine laboratory tests (including electrocardiogram [EKG] , echocardiogram, chest x-ray, serum glucose and lipids, urinalysis, and endogenous creatinine clearance) were all negative or within normal limits. Mean body weight was 64.2 Ϯ 10.2 kg (range 48.0 to 80.0). Written informed consent was obtained from all participants. The experimental protocol was approved by the institutional committee for human research.
Procedures Studies were conducted in a quiet room with a temperature of 22°C to 25°C with the individuals in the supine position. The room was free of noise and the lights were dimmed. Alcohol, caffeine, and cigarettes were all forbidden 12 h before the study.
Systolic and diastolic blood pressures were continuously determined with a Finapres apparatus (Ohmeda 2300, Englewood, CO) attached to the left third finger and recorded on a multichannel polygraph. 8 Blood pressure was also measured on the brachial artery by the auscultatory method (mean of three determinations at interval of 1 min) determined at the initiation of each experimental period in 10 selected individuals. Heart rate was obtained from the blood pressure tracings, and mean blood pressure was calculated from diastolic blood pressure plus one third of the pulse pressure (auscultotory method). Blood flow determinations were performed with a calibrated mercury-in-Sylastic strain gauge and expressed as milliliters per 100 mL of forearm volume per minute, 9 using a Hokanson model EC-4 instrument (D.E. Hokanson, Inc., Issaquah, WA). The gauge was applied on the right arm, 5 cm below the antecubital crease, while the arm was supported above heart level. The venous occlusion pressure was 35 mm Hg, and circulation to the hand was prevented by inflating a wrist cuff to suprasystolic pressure for 1 min before forearm blood flow determination. Forearm vascular resistance was calculated as mean blood pressure/forearm blood flow and expressed as resistance units. Forearm vascular resistance was calculated using mean blood pressure values obtained by Finapres and also by the auscultatory method in 10 subjects. Each blood pressure (recorded by Finapres), heart rate, forearm blood flow, and vascular resistance value represents the average of all determinations obtained over a period of 5 min. Ten to 15 forearm blood flow determinations were recorded during each period of observation.
Protocol The present study was a randomized, double blind, placebo-controlled, cross-over investigation. The investigations were conducted between 9:00 and 10:00 am. Data collection was initiated after a resting period of 30 to 40 min. Following baseline measurements of systolic and diastolic blood pressure, heart rate, and forearm blood flow, subjects were asked to ingest either cyclosporine (Sandimun oral solution, Sandoz Pharmaceuticals, Basel, Switzerland) at the dose of 20 mg/kg or equal volume of the vehicle. Cyclosporine solution and olive oil were blended with 200 mL of milk before administration. The same measurements were repeated 2 h after drug administration. This time interval was chosen for two reasons: first, it is associated with maximum blood levels of cyclosporine after a single oral dose similar to that employed here 3 ; second, during this interval there are no changes in renal hemodynamics likely to influence blood pressure, contrary to what is frequently observed during later periods. 4 -7 Cyclosporine levels in blood were determined at the conclusion of the study by radioimmunoassay (Incstar Corporation, Stillwater, MN). After 2 weeks, the studies were repeated inverting the drug administered (cyclosporine or vehicle). The order of the drug administration was randomly determined by a computer-generated list that was known only to a registered nurse who was also appointed to prepare the milk-cyclosporine or olive oil blend. Subjects and investigators were unaware of the sequence of drug administration up to the conclusion of the data analysis. The tracings were analyzed by two investigators in a blind manner. Interobserver discrepancies were Ͻ10%.
Statistical Analysis
Values are expressed as means Ϯ SD. Comparisons were performed between the percentage variation from post-in relation to predrug values. For each variable, the carry-over effect was evaluated and, if significant, one factor ANOVA was performed for the first period to evaluate the drug effect. In case of no carry-over effect, overall drug effect was tested by means of cross-over specific ANOVA. 10 A value of P Ͻ .05 was considered statistically significant. Operations were performed using a SAS statistical package.
RESULTS
Mean whole-blood levels of cyclosporine were 1542 Ϯ 387 ng/mL (range 1000 to 2550) 2 h after the administration of a single oral dose of cyclosporine. Blood levels of cyclosporine were undetectable after vehicle administration. Tables 1 and 2 and Figure 1 show the effects of either cyclosporine or vehicle on mean blood pressure, heart rate, and forearm blood flow and forearm vascular resistance. None of these variables were significantly changed by cyclosporine or by the vehicle. Compared with vehicle, cyclosporine ingestion was associated with a 4% increase in mean blood pressure (as determined by Finapres), 2.6% increase in heart rate, 1.4% reduction in blood flow, and 7.7% increase in vascular resistance (Table 2 ). These differences were not significant. Nonsignificant differences were also registered when blood pressure was determined by the auscultatory method ( Table 2 ). The order of administration of the drugs (cyclosporine or vehicle) also did not affect blood pressure, heart rate, forearm blood flow, or forearm vascular resistance. 
DISCUSSION
There is abundant evidence that prolonged use of cyclosporine causes renal vasoconstriction and hypertension in a variety of clinical situations. [11] [12] [13] [14] However, the hemodynamic consequences of acute administration of this immunosuppressive drug in humans are controversial. Humans studies on this subject are important because no animal model exactly reproduces the vascular actions of cyclosporine as it occurs in man. In the present investigation, a single oral dose of cyclosporine, sufficient to attain blood levels within the therapeutic range, did not significantly change systemic blood pressure, heart rate, forearm blood flow, and vascular resistance in healthy control subjects. The results were consistently reproduced using both methods and sites of blood pressure determination (auscultatory on the brachial artery and Finapres monitoring on the digital artery). The latter aspect is important because the reliability of Finapres to track blood pressure during protocols in which hemodynamic parameters are subjected to frequent variations has been questioned. 15 Our findings are in agreement with those reported by Weir et al, 7 who did not observe modifications in blood pressure during contin- uous intravenous cyclosporine infusion in healthy volunteers for a period of Յ6 h. Other studies 5, 6 also did not document changes in blood pressure after oral administration of cyclosporine.
Our observations on forearm hemodynamics are consistent with those reported by Stroes et al. 16 These authors found that infusion of cyclosporine into the brachial artery of normal subjects had no vasoconstrictor effect and did not alter basal forearm blood flow. In vitro studies using human vascular beds also failed to demonstrate that exposure to cyclosporine causes vasoconstriction. 17 It has been suggested that the lack of a detectable acute vasoconstrictor effect of cyclosporine is caused by the simultaneous increase in nitric oxide activity, which attenuates the vascular actions of cyclosporine. 16 Taken together, these observations suggest that cyclosporine does not acutely alter blood pressure and does not exhibit measurable acute peripheral vasoconstrictor properties in humans.
We could not confirm the findings of Sturrock et al 3 and Hanson et al, 4 who observed an increase in blood pressure after a single oral dose of cyclosporine close to that used in the present investigation. The reason for this discrepancy is not clear, but it is conceivable that methodological differences played a part. In this regard, it is perhaps of importance that ours is the first double-blind, cross-over study in the literature on this subject. It is also possible that some unmeasured factor in the subjects influenced the results. For instance, we excluded from our investigation dyslipidemic subjects. However, it has been shown that hyperlipidemia impairs endothelium-dependent relaxation 18 and contributes to increase vascular tone. This suggests that vessels of hyperlipidemic individuals are potentially more susceptible to the pressor effect of cyclosporine and indicates that the lipid status of the study subjects could influence, to some extend, the hemodynamic effects of the drug. Additional studies will be necessary to confirm this hypothesis.
In conclusion, we found no evidence that cyclosporine, administered at therapeutic doses, acutely increases blood pressure or causes forearm vasoconstriction in normal man. Our observations indirectly support the notion that the systemic hemodynamic effects of cyclosporine in humans are mediated mainly by renal mechanisms.
